We aim to investigate the application of polygenic risks scoring within a family context and thereby unravel role that common variation confers on disease risk within a pedigree that would have traditionally been viewed through the prism of monogenic inheritance only. We illustrate our discussion by analyzing polygenic risk scores for schizophrenia, major depressive disorder and bipolar disorder in a large pedigree (n~300) in which 30% of family members have major depressive disorder or bipolar disorder. The polygenic risk scores illuminate patterns of assortative mating and anticipation, whereby increased polygenic risk for psychiatric disorders is contributed by affected individuals who married into the family, thereby increasing genetic risk over generations in the family. This may explain the observation of anticipation in mood disorder, whereby onset is earlier and the severity of a disease increases over the generations of a family. Joint analyses of both rare and common variation may be the most powerful way to understand the familial genetics of mood and psychiatric disorders.
INTRODUCTION
The recent development of polygenic risk scoring (PRS) has greatly advanced the field of psychiatry genetics. This approach allows for even sub-genome-wide significant threshold results from large genome wide meta analyses to be leveraged to explore genetic risk in smaller studies (Shaun M Purcell et al. 2009 ). The effect sizes at many individual single nucleotide polymorphisms (SNPs), estimated by a large GWAS on the disorder of interest, are used to calculate a individual level genomewide PRS in individuals from an independent genetic dataset. For example, PRS based on the summary statistics of the SCZ meta analysis by the Psychiatric Genomics Consortium (Ripke et al. 2014; Sullivan 2010 ) have proven to be most powerful in predicting not only SCZ (Ahn et al. 2016; S M Purcell et al. 2009 ) but also other psychiatric disorders (Lichtenstein et al. 2009; Lee et al. 2013 ; Cross-Disorder Group of the Psychiatric Genomics Consortium 2013). In addition, updated, more powerful, summary statistics from the Psychiatric Genomics Consortium from the latest meta analyses for Bipolar Disorder (BPD) and Major Depressive Disorder (MDD) are available via the PGC Data Access Portal (https://www.med.unc.edu/pgc/shared-methods).
Aside from increasing power in traditional case-control designs, PRS algorithms also open up new avenues for studying common variation. In this study we consider the application of PRS within a family context. While pedigree studies have been traditionally used to explore rare genetic variation through linkage analyses, studying patterns of PRS throughout a pedigree would allow for assessment of phenomena like assortative mating and anticipation. Assortative (non-random) mating is a common phenomenon where mated pairs are more phenotypically similar for a given characteristic than would be expected by chance (Merikangas and Spiker 1982) .
Results from a recent study by Nordsletten et al. (Nordsletten et al. 2016) show extensive assortative mating within and across psychiatric, but not physical disorders.
This could explain some of the features of the genetic architecture of this category of disorders (Nordsletten et al. 2016; Plomin, Krapohl, and O'Reilly 2016; Robinson et al. 2017 (Brasil and Bordin 2010) . In total 308 interviews were completed, and 5 eligible members declined an interview. In the rare event of discrepancies, two independent psychiatrists reviewed them and a final consensus diagnosis was assigned. All affected and unaffected adult family members that have been included in the genetic study have given informed consent. Minors have given assent, followed by consulted consent by their parents in accordance with accepted practice in both the U.K. and Brazil. The project was approved by the Brazilian National Ethics Committee (CONEP). Table 1 contains the demographics of the subjects used in the current analysis (n=243 passed genotype quality control procedures described below).
The population control dataset (BRA controls) was collected in Sao Paulo, Brazil, as a control dataset in a genetic study of first-episode psychosis (Noto et al. 2015 (y), where x was the standardized PRS, β was the corresponding regression coefficient and y was the phenotype (Nakagawa and Schielzeth 2013) . For the analysis of offspring of different spouse pair categories ("both unaffected", "marriedin parent affected", "family parent affected", "both affected") we had to account for the number of children contributed to the same category by each spouse pair. While most spouse pairs contribute 1 or 2 children to the same offspring category (Supplementary Information S3); two "both affected" spouse pairs contribute 7 and 8 children respectively. In the event of more than one child per couple, we calculated the mean PRS per spouse pair and entered this in the model as being one representative child for that couple. All p-values reported are uncorrected for multiple testing, since all tests concern overlapping individuals and thus have a complex dependence structure. However, we have performed 33 tests as listed in Supplementary Information S4, and so a conservative Bonferroni threshold for P < 0.05 is 0.002. In spouse pairs, we were unable to predict the PRS of the husband, using that of his wife, even when selecting concordant (both affected or both unaffected) pairs only.
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RESULTS
Affection status
We considered the possibility that the married-in individuals might confer a different genetic predisposition to mood disorders to their offspring than the original family members. Demographics of the offspring in the different offspring categories (no affected parents (n=54); one affected family member parent (n=69); one affected married-in parent (n=15) and two affected parents (n=38)) are given in Supplementary Information S3 and S6. Indeed, we find that offspring of an affected married-in parent show increased SCZ:PRS (Beta=0.21, SE=0.03, Z-ratio=4.42, p=0.002, R 2 =0.19, Figure 1 
DISCUSSION
To our knowledge, the current study is the first to probe patterns of common genetic variation within a traditional pedigree design. We illustrate the possibilities of this approach by investigating apparent assortative mating and anticipation in a large multigenerational pedigree affected with mood disorders through polygenic risk scores for SCZ (Ripke et al. 2014) , MDD and BPD (Lewis 2015; Sklar 2015) and thereby improve mechanistic understanding of common genetic risk for psychiatric disorders.
Recognizing the limitations in sample size of our pedigree and therefore the power to discriminate between specific diagnostic categories, we do find all three PRS to show a higher score in the affected family members, with the BPD score being most powerful. This is particularly relevant because the family not only features 36
individuals with a type of bipolar disorder, another 38 individuals are affected with a form of depression, which may be part of the prodromal stage of bipolar disorder (Berk et al. 2007) . Family members currently diagnosed with MDD could still experience a manic episode and thereby convert to a BPD diagnosis.
Highlighting the possibilities of PRS applications within a family context, we find patterns of common variation to reflect phenomena within the family that are out of reach from traditional case/control studies. Assortative mating is one of the features in this family, where many married-in individuals are more affected with a mood disorder than the general population. As opposed to the family members, the marriedin individuals are more likely to be affected with (r)MDD instead of BP. Non-random mating patterns have been reported in the population regarding body type, socioeconomic factors and psychiatric traits (Plomin, Krapohl, and O'Reilly 2016; Nordsletten et al. 2016) . The BBF provides a unique opportunity to look at the genetic correlation between spouse pairs and the contribution the offspring of married-in individuals to overall psychiatric morbidity. A recent study has found genetic evidence for assortative mating when studying BMI and height in spouse pairs (Robinson et al. 2017) . The BBF does not show the same pattern; the affected married-in individuals have a higher, though non-significant, polygenic score than affected or unaffected family members. However, it appears that we observe significant consequences of this in their offspring with offspring with an affected married-in parent showing significantly increased SCZ:PRS and BPD:PRS.
A contribution of the married-in parents to a genetic driven anticipation in age of onset is supported by the increase in PRS over generations in both affected and unaffected individuals although our cross sectional study dataset was less well powered to find an association with age at onset within affected family members. We did observe a trend for association between age at onset and PRS in the youngest generation in this study but not when combining sample across generations. Age at onset can be considered a proxy for severity (Schulze et al. 2002; Schürhoff et al. 2000) and has been previously associated with genetic risk in MDD (Power et al. 2012; Power et al. 2016 ). However, this variable needs to be interpreted with caution, especially when analyzing patterns over time since it is dependent on context and memory (Alda et al. 2000) . Ascertainment bias can be a confounding factor in studies of psychiatric traits, with older generations having less access to psychiatric care and possibly misremembering the onset or nature of their first episode.
In conclusion, our study is a proof of concept exploration of PRS as a tool for investigating patterns of common genetic risk in a traditional pedigree context. The SCZ and BPD scores appear best suited in our data for teasing apart patterns of assortative mating and anticipation, whereby increased polygenic risk for psychiatric disorders is contributed by affected individuals who married into the family, thereby possibly tipping the balance of already present rare risk variation passed on by the early generations (Diniz et al., submitted). 
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